To evaluate the effectiveness and safety of gelatin tannate (GT) for acute gastroenteritis (AGE) in children. Materials & methods: In this retrospective, observational study, children admitted for AGE received GT ± oral rehydration solution (ORS; n = 46) or other antidiarrheal medications ± ORS (n = 46). Number and consistency of stools were recorded. Results: Children were aged 6 months to 7.9 years. GT ± ORS reduced diarrhea duration (29.0 vs 45.4 h, p < 0.0001) and normalized stool consistency at 72 h in significantly more patients (87.0 vs 30.4%; p = 0.026) compared with other antidiarrheal medications ± ORS. Differences in favor of GT were apparent from 12 h onward. Conclusion: GT is more effective than conventional treatment for managing AGE in children.
Acute gastroenteritis (AGE) is defined as a decrease in the consistency of stool leading to loose or liquid stools and/or an increase in the frequency of evacuations to ≥3 in 24 h, with or without fever or vomiting [1, 2] . Acute diarrhea typically lasts less than 7 days [2, 3] .
AGE is very common in Europe, with an incidence ranging from 0.5 to 2 episodes/child/year in children aged ≤3 years [1] . Although AGE is rarely life-threatening in children residing in high-income countries, it is a frequent cause of medical consultations and hospitalizations, and thus represents a considerable healthcare and economic burden [2, 4, 5] .
The most common cause of AGE in children in all European countries is rotavirus, although norovirus has become the leading cause of medically attended AGE in countries with high rotavirus vaccine coverage [1] . Other viral pathogens responsible for AGE are adenoviruses and sapoviruses, and the main bacterial agents include strains of Campylobacter, Salmonella, Shigella, etc [1, 5] . In about 40% of cases, no causative agent can be identified [5] .
The objectives of treating AGE are to prevent and correct dehydration, promote weight gain after rehydration using normal nutritional intake (early nutrition), and decrease the duration and severity of diarrhea and secondary morbidity [5] . Recommended first-line therapy is oral hypo-osmotic rehydration solution (ORS) [2] . Active oral pharmacological agents that may be used as an adjunct to ORS to reduce the duration and severity of diarrhea include specific probiotics, especially Lactobacillus GG and Saccharomyces boulardi, and also Lactobacillus reuteri DSM 17938 [2] . Diosmectite (adsorbant) and racecadotril (antisecretory) were options 'to consider' in the 2014 European guidelines for managing AGE in children [1] , although their efficacy is currently under question [2] .
Given this limited armamentarium, there is interest in identifying other effective, safe and low-cost interventions for treatment of AGE. Tasectan R (Noventure, Barcelona, Spain) is a medical device available in many European countries to control and reduce symptoms of diarrhea. The device is a complex of gelatin and tannic acid that is stable in the gastric acid environment and in the basic or neutral environment of the small and large bowel. Gelatin tannate (GT) belongs to a mucoprotectant class of compounds with barrier protective properties [6] , which includes xyloglucan, also with antidiarrheal effect in children [7] . The GT is thought to act by forming a mechanical protective biofilm on the intestinal mucosa [8] , thereby restoring normal function of the intestinal barrier and contributing to normal physiological homeostasis [9] . Other proposed mechanisms for its activity include preventing adhesion of Escherichia coli, Salmonella spp., toxins and other harmful substances (e.g., pro-inflammatory compounds) to the intestinal mucosa [10, 11] , and modulating the composition of microbiota [12] .
An observational study from Spain [13] and three of four randomized controlled trials [14] [15] [16] [17] of GT conducted to date in young children with AGE have reported better symptomatic improvement with ORS + GT than with ORS (± placebo). The aim of the current observational study in children with AGE was to compare the effectiveness and safety of GT (GT ± ORS) with that of conventional treatment for AGE under real-world clinical practice conditions.
Materials & methods
This retrospective, observational study involved children admitted for AGE to a single pediatric clinic in ClujNapoca, Romania. All children had been treated by the same pediatric gastroenterologist. This same investigator analyzed medical records for two groups of subjects: those who had been treated with GT ± ORS and those who had been treated with other antidiarrheal medication (OAM) ± ORS during hospitalization for AGE.
To be eligible for analyses, children had to fulfill the following criteria: 3 months to 12 years of age at the time of admission; diagnosis of AGE, with a maximum symptom duration of 72 h before admission; clinical signs of mild or moderate dehydration (modified Vesikari score) [18] ; good compliance with study medication defined as ingestion of ≥75% of required doses depending on weight/age.
Patients who met any of the following criteria were ineligible for analyses: associated extraintestinal infectious diseases; severe AGE with sepsis; bloody diarrhea; severe malnutrition (Z score for BMI <3 SDs for patients aged >24 months; Z score <3 SDs for weight related to height for patients aged <24 months); known immune deficiency; known digestive disease associated with chronic diarrhea (e.g., food allergy, cystic fibrosis, celiac disease, inflammatory bowel disease, irritable bowel); digestive malformations; chronic intestinal pseudo-obstruction; intake of probiotics, antibiotics, racecadotril, diosmectite or GT within 7 days before presentation; administration of any medication other than study medication during hospitalization.
The 'GT' group received oral GT according to approved labeling (<3 years: 250 mg four-times daily; ≥3 years: 500 mg four-times daily) ± ORS. The 'OAM' group received one or more of the following products according to approved labeling: diosmectite ± racecadotril ± Saccharomyces boulardii or Lactobacillus GG ± ORS. Treatment began immediately after admission and was continued for a maximum duration of 72 h.
Data collected on patients at the time of admission were: day of admission, age and gender, duration of AGE before hospitalization (hours), number of stools and their consistency (according to the Bristol scale) [19] during the 24 h before hospitalization, number of vomiting episodes during the 24 h before hospitalization, weight and height, body temperature and severity of dehydration.
Data collected on patients after admission were: type of antidiarrheal therapy; number of liquid stools at 12, 24, 36, 48 and 72 h; number of total stools and consistency of all stools at 12, 24, 36, 48 and 72 h; number of vomiting episodes/day; weight at 72 h; type, number and severity of adverse reactions; and day of discharge.
Study end points
The primary end point was the duration of diarrhea, defined as the time to normalization of stool consistency (Bristol scale: 1-5).
Secondary efficacy measures were: time to normal stool consistency per day (with reference to the period before the diarrhea); number (%) of watery stools (Bristol scale: 6-7) and, respectively, number (%) of normal consistency stools (Bristol scale: 1-5) at 12, 24, 36, 48 and 72 h after the start of treatment; number (%) of patients with normal consistency stools at 12, 24, 36, 48 and 72 h; risk of diarrhea at 72 h; number (%) of patients with complete recovery (acute diarrhea and associated symptoms) at 48 h; patients' weight difference at 72 h; and duration of hospitalization.
Safety was assessed by monitoring adverse reactions (disease worsening/complications) reported by patients or observed by the physician during treatment. 
Ethical considerations
The study protocol was approved by the Institutional Review Board of the Emergency Clinical Hospital for Children. Only the investigator collected data from the medical records. Collected data did not include information that could identify subjects.
Statistical methods
Based on assumed treatment success rates of 90% in the treatment group and 70% in the control group, the sample size was calculated to ensure a statistical power of 80% to detect noninferiority between GT and OAM, at a significance level of 0.05. Assuming a dropout rate of 10%, 92 patients in total were required for evaluation. Results are summarized using descriptive statistics: mean ± standard deviation (SD) for continuous variables and absolute (n) and relative (%) frequency counts for categorical variables. Standard statistical tests (Chi square/Fisher's exact or Student's t test/Mann-Whitney U test) were used to compare treatment groups depending on the distribution and number of subjects. Kaplan-Meier survival analysis was used to estimate the interval until disappearance of diarrhea after admission.
Statistical analyses were performed using IBM SPSS Statistics 20 and Microsoft Excel 2016 and XLSTAT.
Results
The study population comprised 92 subjects treated with GT ± ORS (n = 46) or OAM ± ORS (n = 46) between 1 December 2012 and 9 March 2018. Demographic and clinical characteristics of the treatment groups are summarized in Table 1 . The mean age of analyzed patients was approximately 3 years, and the age range was 6 months to 7.9 years. The treatment groups were reasonably well matched for demographic and clinical characteristics. More than 90% of patients in each treatment group had a dehydration severity score of 1/2 or 2 at admission. AGE etiology was rotavirus in approximately 40% of patients in each group. No infectious agent was detected in approximately 50% of patients in each group. GT was significantly superior to OAM in reducing the duration of diarrhea. The mean time to normalization of stool consistency (primary end point) was 29.0 ± 2.5 h in the GT group and 45.4 ± 1.1 h in the OAM group (p < 0.0001; Figure 1) . At 36 h after the start of treatment, no patient in the GT group had more than 2 stools/day compared with 14 patients in the OAM group. Kaplan-Meier survival analysis of the time to disappearance of diarrhea indicated that the probability of a patient having a liquid stool at 72 h after the start of treatment was 8.7% in the GT group and 67.4% in the OAM group (p < 0.0001; Figure 2) .
GT was more efficient than OAM in normalizing watery stools. At baseline, there were no normal stools in either group (GT group: 167 liquid stools; OAM group: 217 liquid stools). At 72 h after the start of treatment, 90.0% (36/40) and 38.1% (24/63) of total stools in the GT group and OAM group, respectively, were of normal consistency; a treatment effect in favor of GT was apparent from 12 h onward (Figure 3) . At 72 h after the start of treatment, a significantly greater proportion of patients treated with GT than OAM had no stools or normal stools (87.0 vs 30.4%; p = 0.026).
At 48 h from the start of treatment, the proportion of patients with complete recovery from liquid stools was higher with GT than OAM (67.4 vs 15.2%), whereas treatments were equally effective with respect to the proportion of patients with no vomiting (95.7 vs 97.8%).
There were no differences between GT and OAM with regard to changes in bodyweight. The average length of hospital admission was 5 days in both treatment groups.
No adverse events were reported in either treatment arm during the study.
Discussion
The current study, which involved retrospective review and analysis of medical records of children hospitalized for AGE at a single center in Romania and treated by the same physician, indicated that GT (± ORS) at the recommended daily dosage for patient age led to quicker and more effective symptomatic improvement than conventional therapy with one or more of disomectite, racecadotril, and specific probiotic agents (± ORS). The OAM group reflected standard of care treatment for AGE in children according to European guidelines current at the time of the study [1] . Mean duration to the last liquid stool, or stool normalization time, was 16.4 h shorter in the GT group compared with the OAM group (p < 0.0001). At each time point from 12 h onward, the number of normal stools and the number (and %) of patients with no stools or normal stools was greater in the GT group than in the OAM group. in the mean number of stools and improved stool consistency as early as 12 h after the onset of treatment with GT + ORS compared with ORS alone in 211 Spanish children (mean age 2.5 ± 2.4 years) with acute diarrhea [13] . Three of four randomized controlled trials of GT performed to date in children with AGE have reported significant symptomatic improvement with GT compared with control [14] [15] [16] [17] . Similar to our own findings, Italian investigators reported a significant reduction in the mean duration of diarrhea with GT + ORS versus ORS alone (76.8 vs 108.0 h; p < 0.0001) in 60 children with AGE [14] . With regards to the efficiency of the treatment effect, two independent Turkish groups reported significant reductions in stool frequency in favor of GT over placebo within the first 12 [15] or 24 h [16] of treatment in children with AGE. Conversely, a recently reported randomized controlled trial from Poland comparing GT and placebo as an adjunct to standard ORS therapy in children with AGE failed to show differences between treatment arms for diarrhea duration or any other outcome measure [17] . These authors discuss in detail the methodological differences which may have led to the contradictory findings between their study and previous randomized studies of GT and call for 'further well-designed and carefully conducted randomized controlled trials' to provide a definitive answer about the efficacy of GT. Meanwhile, the weight of evidence suggests that GT may be of value in managing AGE in children.
The absence of adverse events observed with either treatment during the study aligns with the results of previous studies of GT in children with AGE in which either no or few adverse events were reported [14] [15] [16] [17] . The risk of adverse events with GT is considered minimal due to lack of systemic absorption of the complex [8] . Safety is always a major consideration when evaluating medications indicated for use in children.
The study is limited by its retrospective observational design, which can introduce selection bias and by the single-center setting, which can limit generalizability of the results to other settings and geographic locations. Conversely, the fact that all children were treated by the same pediatric gastroenterologist, who was also responsible for extracting the data from the medical records, reduces interinvestigator variability. Although an observational study may not provide the same level of evidence as a randomized controlled trial, it offers valuable insight into the use of an intervention in the target patient population under usual clinical practice conditions.
Conclusion
This study adds to the evidence that GT, alone or in combination with ORS, can alleviate AGE-associated symptoms in children more effectively and more efficiently than conventional treatment (i.e., one or more of disomectite, racecadotril, and specific probiotic agents ± ORS). Although GT is not endorsed in current guidelines as an option for treating AGE in children [1, 2] , it offers an interesting alternative to standard pharmacological therapy.
Summary points
• Treatment of acute gastroenteritis (AGE) aims to prevent/correct dehydration, promote weight regain after rehydration, and decrease the duration/severity of diarrhea and secondary morbidity.
• This retrospective, observational study involved children aged 6 months to 7.9 years in Romania who were hospitalized for AGE, with a maximum symptom duration of 72 h before admission.
• Medical records were reviewed and compared for 46 patients treated with gelatin tannate (GT) ± oral rehydration solution (ORS) and 46 patients treated with other antidiarrheal medication (OAM) consisting of one or more of disomectite, racecadotril, and Saccharomyces boulardii or Lactobacillus GG ( ± ORS), between 1 December 2012 and 9 March 2018.
• Patients were treated for a maximum of 72 h.
• GT significantly reduced the time to last liquid stool: 29.0 ± 2.5 h versus 45.4 ± 1.1 h with OAM (p < 0.0001).
• At 72 h, significantly more patients treated with GT presented no stools or normal consistency stools compared with patients treated with OAM (87.0 vs 30.4%; p = 0.026).
• The probability of a patient having a liquid stool at 72 h after the start of treatment was 8.7% in the GT group and 67.4% in the OAM group (p < 0.0001).
• No adverse events were reported with either treatment during the study.
• GT presents an interesting alternative for treating AGE in children.
